The cyclopropanation of olefins with 2-diazodimedone 1a and the corresponding phenyliodonium ylide 1b in the presence of selected chiral Cu(I)-and Rh(II)-catalysts proceeds without significant enantioselectivity. Contrary to previous reports in the literature, the cyclopropanation of styrene with 1a in the presence of [Cu{(+)-facam} 2 ] is not enantioselective. While the transition metal catalyzed 1,3-dipolar cycloaddition of 2-diazodimedone (1a) to furan and dihydrofuran is equally non-selective, the introduction of heteroatoms and/or unsaturation in the carbene precursor results in slightly enhanced enantioselectivity.
Introduction
The decomposition of diazo compounds in the presence of chiral, non-racemic transition metalcatalysts affords metallocarbenes capable of asymmetric carbene transfer. 1 Impressive enantioselectivities have been reported for inter-and/or intramolecular cyclopropanations and CH-insertions with diazoacetates, diazoacetamides, and phenyl-or vinyl diazoacetate esters. 2 In addition, diazo ketones or ketoesters carrying electron-attracting substituents, such as ethyl diazoacetoacetate 3 ethyl diazopyruvate 4 or 2-diazocyclohexane-1,3-dione 5 may undergo formal 1,3-cycloaddition to polar or polarizable olefins. Enantioselective cycloadditions of 2-diazodimedone (1a) and 2-diazocyclohexane-1,3-dione (2a) to furan and dihydrofuran in the presence of chiral Rh(II)-catalysts have been reported, with ee's in the range of 50 to 95% according to the catalysts used (Scheme 1). 6, 7 We have recently re-examined these reactions but 
Scheme 1
The absence of enantioselectivity in the cycloadditions of 1a and 1b to furans may be attributed to various causes such as formation of a free ylide between the carbene and the oxygen atom of the furan, a possibly inherent low enantioselectivity of dipolar cycloadditions of metallocarbenes, or the poor selectivity of the carbene itself. At first glance, this latter point appeared unlikely, since enantioselective carbene transfer with 1a has been reported: Matlin et al. observed enantioselective cyclopropanation of styrene with 1a in the presence of chiral Cu(I)-catalysts at elevated temperatures in 21-48% yield and with 73.3-100% ee. The readily avaliable [Cu{(+)-facam} 2 ] produced the cyclopropane in 36% yield and with 91.7% ee. 10 However, details of the procedure have not been published, and the reported results have met some scepticisme. 
Scheme 2
In view of our difficulties with the reproduction of the enantioselectivity of the cycloadditions of 1a and 1b to furans, we have repeated the cyclopropanation of styrene with 1a in the presence of [Cu{(+)-facam} 2 ], and we have investigated the cyclopropanation of terminal olefins with Rh(II)-catalysts. In addition, we have examined the influence of heteroatoms on the selectivity of the carbenes derived from the corresponding ylides 4b-8b (Scheme 2) in the cycloaddition to furan and 2,3-dihydrofuran. The ylides were preferred over the corresponding diazo compounds owing to their generally higher reactivity in transition metal-catalyzed carbene transfer reactions. 
Results and Discussion
Cyclopropanation of styrene and apolar terminal olefins The conditions of Matlin et al. 10 for cycloproanation of styrene consist in heating styrene neat or in toluene to reflux in the presence of 1a and the appropriate Cu-catalyst. In our hands, these reaction conditions resulted in complete polymerization of styrene, and no cyclopropane could be isolated. Cyclopropanation did occur, however, in 53% yield with the phenyliodonium ylide 1b and [Cu 2 {(+)-facam} 4 ] 12 but the cyclopropane (9a) was racemic (Scheme 3 and Table 1) .
Scheme 3
When the cyclopropanation of styrene was carried out with [Rh 2 (OAc) 4 ] or [Rh 2 {(S)-nttl} 4 ], the yield of cyclopropane 9a varied in the range of 35-49%, and a formal cycloadduct 10a was isolated in 22-35% yield as secondary product. The structure of 10a was established by comparison of the spectral data with those of the known product resulting from reaction of 2,2-dibromodimedone with styrene in the presence of copper. 13 The origin of the cycloadduct is not clear. The reaction of 1b in the presence of [Rh 2 {(S)-nttl} 4 ] resulted only in racemic cyclopropane 9a and racemic cycloadduct 10a. This compares unfavorably with the ee of 37% resulting from the cyclopropantion of styrene with the ylide 3b using the same catalyst. Simple terminal olefins reacted also with 2-diazodimedone (1a) or the corresponding phenyliodonium ylide (1b), respectively, in the presence of [Rh 2 (OAc) 4 ] to afford cyclopropanes 9b -d in moderate yield (Table 1) . However, no cycloadducts of type 10 were observed. Thus it appears that cycloaddition is restricted to polar or polarizable olefins with Rh(II)-catalysts. In the presence of [Rh 2 {(S)-nttl} 4 ] the reactions proceeded with a small, but reproducible induction. It is interesting to note that the most hindered olefin (t-butylethylene) exhibited the highest ee in the series with 16%. No attempt was made at this point to improve the enantioselectivity by screening other catalysts.
Cycloaddition of 2,2-dimethyl-5-diazo-1-oxacyclohexane-4,6-dione (4a) and phenyliodonium ylide 4b to furan and dihydrofuran The carbene precursor 4a,b reacted in neat furan or 2,3-dihydrofuran, respectively, or in inert solvents such as fluorobenzene, trifluorotoluene or toluene in the presence of [Rh 2 (OAc) 2 ] to afford the adducts 11 and 12, respectively (Scheme 4). The reaction was fully regioselective, with the addition involving the carbonyl group of the ketone rather than that of the ester function, and the regioisomers 14 and 15, respectively, were not detected in the reaction mixture. The structure of the adducts is consistent with the higher polar character of the ketone group over that of the ester function. It was tentatively assigned for 12 on the grounds of 13 C NMR shift calculations using SpecTool. 14 The signals attributed to C(3b), C (4) The X-ray structure of 12 confirms the tentative assignement. The structure of the addition product 11 resulting from reaction with furan was assigned by analogy. Compound 11 could not be fully characterized owing to its decomposition during work up to a mixture of two aldehydes of as yet unknown structure. A secondary product resulting from rearrangement of the ylide 4b was observed in some reactions, but could not be fully identified owing to decomposition under the reaction conditions. The structure of 13 is tentatively assigned on the grounds of analogous rearrangements observed upon heating of phenyliodonium ylides. 15, 16 The yields for the cycloadditions are acceptable for dihydrofuran (35 -78%), but are poor for furan, which is less reactive. The enantioselectivity of the reaction was tested with several Rh(II)-catalysts. In general, enantioselectivity was disappointingly low. For furan, the best result (22 %) was achieved with [Rh 2 {(S)-pttl} 4 ], and for 2,3-dihydrofuran (26%) with [Rh 2 {(S)-nttl} 4 ]. Although this is not high, it is still much better than in the cycloaddition of diazodimedone. : 0.5 mmol of 4b, 15 eq. of dihydrofuran in 8.0 mL of solvent, 5 mol% of catalyst, 12 h reflux.
Cycloaddition with the ylide derived from chromane-2,4-dione (5b)
The decomposition of the ylide 5b required heating to 60 °C, and at this temperature 5b rearranged partially to 18. The cycloadditions to furan proceeded to 16 in yields of 6-36%, while those with dihydrofuran were more efficient and furnished 17 in up to 72% yield. In view of the poor yields of 16, the cycloadditions with furan were not further investigated. However, it was noted that in the presence of the less reactive substrate, the yield of rearrangement product 18 increased, and that the rearrangement was accelerated by the catalyst. The rearrangement of phenyliodonium ylides to iodoethers is believed to be intramolecular.
14 Since the rate of ylide decomposition is independent of the substrate present, the lower yield of cycloadduct with the less reactive substrate (furan) suggests, that formation of the metallocarbene from the ylide should be reversible. 17 The cycloaddition is entirely regioselective. As before, only the carbonyl group of the ketone is involved in the reaction. The structure of the adduct 17 was confirmed by X-ray structure analysis. The enantioselectivities culminated at 31% ee for 16 and at 12% ee for 17. 
Cycloadditions with ylides (6b-8b)
The decomposition of the ylides 6b-8b with Rh(II)-catalysts afforded no characterizable products. This is surprising in the case of 6a, because the corresponding diazo derivative 6a adds normally to olefins. 18 The diazo analogue 7a of ylide 7b is not known in the literature; and attempts towards its preparation were not successful. In the case of 8a,b both the diazo derivative and the ylide are too stable and may not be decomposed under normal conditions.
Discussion
We note that 2-diazodimedone (1a) and the ylide 1b exhibit very poor enantioselectivity in cyclopropanations of terminal olefins. As reported elsewhere, the same is true for cycloadditions to furans. While in the case of the cycloadditions to furans, the hypothesis of formation of a free ylide between carbene and substrate provides a plausible explanantion for the absence of enantioselectivity, this argument cannot be invoked in the cyclopropanation of simple olefins. Introduction of oxygen atoms in the ring of 1a results in a more selective carbene. Typically, the cyclopropanation of pentene and styrene proceed with ee's of 59 and 37%, respectively with [Rh 2 {(S)-nttl} 4 ], with the ylide derived from Meldrum's acid (3b). 9 A similar trend, although much less pronounced, may be seen in the cycloaddition to dihydrofuran, where the enantioselectivity reaches 26% with 4b and 31% with 5b when [Rh 2 {(S)-nttl} 4 ] is used as catalyst. The effect of a second oxygen atom on the cycloaddition could not be examined because 3b does not undergo such reactions. A tentative explanation for the low enantioselectivity of the diazodimedone (1a), or the corresponding phenyliodonium ylide 1b may be advanced on the grounds of the investigations of Davies. 19 It was found that diazo esters carrying stabilizing substituents such as phenyl or vinyl groups, exhibit significantly higher ρ-values in the cyclopropanation of substituted styrenes than the unsubstituted diazoacetate esters. A higher ρ-value implies higher selectivity, owing to a transition state occurring later on the reaction coordinate. Interestingly, the more stabilized carbenes exhibit also higher enantioselectivities. Applying the same argument to carbenes derived from 1a,b, the absence of selectivity may be attributed to their higher reactivity in comparsion, for example, to the carbene derived from 3a,b, where the oxygen atoms provide some stabilization. 
Scheme 6
Catalysts. 
Synthesis of diazocyclohexanediones 1a and 4a and phenyliodonium ylides (4b-b)
The diazocyclohexanediones 1a and 4a were prepared from the respective diketones via diazo transfer with p-acetamidobenzenesulfonyl azide 31 in the presence of base. The procedure failed for 5a, which is, however, available by the procedure of Taber. 32 The ylides 4b-8b, in turn, were prepared from the hydrocarbons 4c-8c via reaction with PhI(OAc) 2 , according to Schank and Lick.
33
Synthesis of 1-oxa-2,2-dimethyl-2,4-dioxo-5-(phenyliodonio)-cyclohexan-5-ide (4b). 1-Oxa-2,2-dimethylcyclohexane-4,6-dione (4c). 34 To NaH (1.92 g, 80 mmol) in anhydrous THF (200 mL) was added, at 0 °C methyl acetoacetate(9.28 g, 80 mmol) dropwise. After 10 min. of stirring BuLi (50 mL, 1.6M, 80 mmol) was added dropwise, and the orange solution was stirred at 0 °C for 10 more min. Dry acetone (7.5 mL, 82 mmol) was added at once, and the mixture was stirred for 10 min. at 0 °C. NaOH (80 mL, 2.5M) was then added, and the mixture was stirred at r.t. during 12 h, whereupon it was acidified (2.5M HCl) and extracted with ether (3x200 mL). The organic layer was washed (satd. NaCl) and dried (Na 2 SO 4 ). After filtration, the solvant was evaporated. 3000w, 1586m, 1513s, 1469m, 1411w, 1356w,  1314m, 1210m, 1156w, 1110w, 1070w, 1040w, 991m, 747s, 726s, Methyl-2,4-dioxo-3-(phenyliodonio)-1-oxacyclohexan-3-ide (7b) . 33 Supporting Information Available. Crystal data, intensity measurement and structure refinement, atomic coordinates, displacement parameters, bond distances and bond angles for 12 and 17 and CIF files.
